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ABSTRACT 



An air-conditioning ^jparatus for vehicle use wtiich can 
obtain sufficient heater CM>acity even in a cold-dimate 
region, can utilize an existing heater unit, can combine a 
combustion type heater with a simple assembly operation, 
and can utilize exhaust heat of a motor for travel use of an 
automobile for heating a passenger con^artment The air- 
conditioning apparatus includes a refrigeration cycle con- 
necting a refrigerant compressor, a refrigerant/water heat 
exchanger, a first pressure-reducer, and an exterior heat 
exchanger in an annular configuration. Fdrther, a hot-water 
cydc connects the refrig erant/wat et-heat exchanger, a hot- 
water heater corc(^n 5iaust-heat cool<^ and a water pump 
in an annular oonfiguratton and connects a combustion type 
heater in j)arallcl with the refrigerant/water heat exchanger. 
Accordingly, during heat-punq) hot-water heating, hot water, 
with a temperature raised by refrigerant condensation by the 
rcfrigcrant/walcr heat exchanger, circulates in the hot-water 
heater core so as to obtain a required heater capacity. During 
combustion heater hot-water heating, hot water, witfi a 
tempeiatcre raised by combustion fiicl in the combustion 
type heater, circulates in the hot-water heater core so as to 
obtain sufElcient heating capacity even in a cold-climate 
region. 

23 Claims, 25 Drawing Sheets 
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FIG . 10 



201 



204 



206 



200 



211 212^213 214 215 

/ / / / / 
I II I )^ 



Era 


















5. 











fiUJHER CTSD 




4 


AUTO " 





203 



264 




11/02/2001, EAST Version: 1.02.0008 



U.S. Patent Jun. 24, 1997 sheet 9 of 25 5,641 



FIG. 11 



201 200 

211 212^213 214 215 



204 




2 













V 




5. 



BLOWER 







7 




BLOMEfl 






, AUTO>, 






20 




25 30 



f 

208 



207 



21 



205 



11/02/2001, EAST Version: 1.02.0008 



U.S. Patent jim.24, 1997 sheet 10 of 25 5,641,016 



FIG. 12 
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AIR<:ONDmOMNG APPARATUS FOR 
VEHICLE USE 

CROSS REFERENCE TO RELATED 
APPUCAnONS 

This application is based upon and daims priority from 
Japanese Patent AppUcations 5-333525 filed Dec. 27, 1993, 
6-75541 filed Apr, 14, 1994. and 6-171223 filed JuL 22, 
1994, the contents of each being incoiporated herein by 
reference. 

BACKGROUND OF THE E^VBimON 

1. Field of the InventioD 

The present invention relates to an air-conditioning appa- 
ratus for vehicle use, which conditions air within a passenger 
compartment of, for example, an electric automobile not 
having engine coolant water nor equipped witii an air-cooled 
type internal combustion engine or the like. 

2. Related Art 

J^anese Patent Application Laid-open No. 4-151324 
discloses an air-conditioning apparams for vehide use in 
whidi a passenger coii4>artment cannot use a heater that 
relies upon exhaust heat firom engine coolant water, as, for 
exanq>le, is true in the case of electric automolnles. This 
document teaches a first heat exchanger and a second heat 
exchanger installed in a refiigeration cyde within a duct for 
sending air to a passenger conqxartment of an dectric 
automobile. Puithermore, this document switches tiie dkec- 
tion of refrigerant flow within the refrigeration cyde by 
means of valves or the like so as to cause each heat 
exchanger to function as an evaporator during a cooling 
mode and as a condenser during a heat pump heater mode. 

However, because this document teadies using a structure 
whereby first and second heat exchangers of a refrigeration 
cyde are disposed within a duct, an existing heater unit 
provided with a conventional hot-water heater core could 
not be used. For &is reason, it is necessary to provide an 
air-conditioning unit provided wi<h first and second heat 
exchangers, thus leading to the problem of high cost of the 
systeniL 

Additionally, according to known technology, water 
capacity declines extremely when ambient air temperature 
drops to 0** C. or less during the heat pump heater mode, 
which causes the first and second heat exchangers within the 
duct to frinctioD as condensers. Particulariy in a oold-dimate 
region (a region ^ere the ambient air temperature drops to 
-10** C. to -30** C. or less), with such a heat pmxsp heater, 
flie problem existed that the heater had insuffident cq3acity. 
Accordingly, because a heat pump heater has a diminished 
capadty in a cold-climate region, performing hot-water 
heating utilizing a combustion type heater as a heat source 
for heater use in cold-dimate regions may be considered. 

However, according to the document noted above, 
because a hot-water cyde provided with hot-water heater 
devices of a hot-water heater core, water pvanp, hot-water 
piping, and the like is not mounted in an dectiic automobile, 
a hot-water heater device must be added in order to frinction 
as a combustion type heater, and assembling such a fixture 
within an air-conditioning unit posed problems of extreme 
difficulty and resulting hi£^ cost 

Moreover, even if the cooling of vehicle-mounted elec- 
trical devices of, for example, a motor for travel use, an 
inverter for travd use, etc, of an electric automobile is 
performed with water cooling, the exhaust heat of this 
vehide-mounted dectrical device is not employed for heat- 
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ing the air within the passenger Compartment, and so energy 
is not effectivdy and sufficiently utilized when the overall 
energy consumption and utilization of the vehide is con- 
sidered. 

5 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
air-conditioning apparatus for vdiide use v/bicti can obtain 
sufficient heater capadty and can also utilize an existing 
heater unit Additionally, it is a further object of the present 
invention to provide an air-conditioning apparatus for 
vehide use which can obtain suffident heater capadty even 
in a cold-dimate region and can also combine a combustion 
type heater with an extremdy simple assembly operation. 
Moreover, yet another object of the present invention is to 
{novide an air-conditioning apparatus for vehide use which 
has insproyed heater performance and can also efiTectivdy 
utilize exhaust heat tcom vehide-mounted electrical devices 
of a motor for the travd use, inverter for travel use, etc. for 
heating the passenger conq)artment. 

^ The invention compiises a duct for sending air toward a 
passenger compartment interior, a blower to blow air within 
the duct into the passenger compartment interior, a refrig- 
eration cyde having a refrigerant conqiressor to compress 
and discharge refrigerant, a refrigerant/water heat exchanger 

^ to cause refrigenmt discharged from &is refrigerant com- 
pressor and hot water to exdiange heat and heat the hot 
water, a refrigerant evaporator to chill air by means of 
refrigerant cvq>cn:ation heat, a hot-water cyde having a 
pump to drculate hot water heated by the refrigerantAvater 

^ heat exchanger, and a hot-water type heater disposed within 
the duct to heat air flowing within the duct by means of hot 
water flowing in from the refrigerant/water heat exchanger. 

In a further embodiment of the present invention, the 
hot-water cyde connects a combustion type heater, which 
heats hot water by means of combustion heat of fiiel, in 
series with the hot-water type heateL 

In still another embodiment, the hot-water cyde connects 
an exhaust-heat cooler whidi cools, by means of hot water, 

^ vehide-mounted dectrical devices, such as a motor for 
travd use and invcater for travd use, which generate heat 
when dectrically charged, in series with the hot-water type 
heat exchanger. 
It is also possible to connect an exterior heat exchanger 

43 disposed in the duct in series on a downstream side of 
refrigerant flow from the refrigeration conqsressor, and it is 
also possible to connect a radiator which causes heat 
exchange between air outside a passenger compartment and 
hot water to cool hot water in series with an exhaust-heat 

50 cooler which cools, by means of hot water, vehide-mounted 
dectrical devices. 

Moreover, it is also possible to connect a pressure- 
reducing means between the refrigerant/water heat 
exdiangcr and the cxXenoi heat exchanger. Ruther, it is 

55 possible to connect an dectrical hot-water heater which 
heats hot water by means of an dectrical heater in series 
with the hot-water type heater. Also, the rcfirigorant evapo- 
rator may be disposed on an upwind side of the hot-water 
type heater within the duct. 

60 A rotational speed control means, which controls rota- 
tional speed of the refrigerant coxr^ressor to perform capac- 
ity control, may be provided. Further, a bypass pass^e 
which causes hot water to bypass the radiator may be used. 
The hot-water type heater may indude an air-mix damper to 

65 change the amount of heated air caused to be bypassed. 
The refrigeration cyde can indude an exterior heat 
exchanger disposed outdde the duct and connected in series 
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on a downstream side of refidgcrant flow firom the rcfrig- lowing detailed dcscdptioo, the attached drawings, and 

eration compressor, A prcssure-xedudng means may be appendeddaims, all of which form a part of this application, 
connected between the reEcigerant/water heat exchanger and In the drawings: 

the ext^or heat exchanger. TTic hot^water cycle may be nO. lis a structural diagram showing a first embodiment 

provided with a combustion type hea^ which heate hot j ^^^^ Zcn^on-, 

water by means of combustion heat of niel, connected in ^ i . . i 

series with the hot-wata type heater. A heat-puiiq> hot-water showmg an cxanqjlc of icftigcrant/ 

heater and a combustion-heater hot-water heater can be water heat exchanger according to die first embodiment of 

selectively used according to the combustion type heater on ^c present invention; 

the basis of temperature of air outside a passenger ooi^part- FIG. 3 is a plan view showing an exanq>le of refrigerant^ 

ment water heat exchanger according to the first eml)odiment of 

A water-cooled type internal combustion engine having a the present invention; 

watff-cooling portion within whidi water circulates and piQ, 4 is a side view showing an example of reMgerant/ 

which rotates anddnves an electrical gen«ator may be used. exchanger according to thetet embodiment of 

nic rcfrigaant compressor may be an electromotive type hiy^^on; 
refrigerant compressor which receives a su?)ply of electrical " 

power from the electrical generator for operatioa. The ™' 5 is a sectional view showing an example of 

internal combustion engine water-cooling portion can be refrigerant^ater heat exchanger according to the first 

connected in series on a downstream side of water flow from embodiment of the present invention; 

the refiige^ant^vater heat excfaangen FIG. 6 is a sectional view showing an example of a 
A water-cooled type internal combustion engine having a ^ combustion type beater according to the first embodiment of 

water-cooling portion widiln which water circulates and the present invention; 

which rotates and drives the refrigerant compressor may be HG. 7 is a longitudinally sectional view showing a water 

provided. Hie internal combustion engine water-cooling according to the first embodiment of the present 

portion may be connected in series on a downstream side of in^tion* 

water flow fix)m the reficigerant/water heat exchanger. 25 ' . c * 

Accordingly, a r^gerant compressor can be employed as 8 is a transverse view showmg a water pump 

an electromotive type refirigcrant compressor controlled by according to the first embodiment of flie present invention; 

means of an inverter as a drive power supply. The hot-water FIG. 9 is a block diagram of an ECU according to the first 

type heater may be connected in series with an exhaust-heat embodiment of the present invention; 

cooler which cools the inverter by means of hot water. 3^ piG. 10 is a front view showing an example of operation 

Structural parts including at least the refrigerant compressor pa^el according to the first embodiment of the present 

and the refrigerant^ater heat exchanger may be housed invention; 

widun an integral casmg. ^ . . . HG. 11 is a front view showing another example of an 

a d?w^'S:i:Kt-^flS;rr:s^s'^5 „ -p-t? ^^^^ " •^'^^ 

water heat exchanger, and moreover connea it in series on P^cseni mvenuon, 

an upstream side of hot-water flow from the hot-wato- type FIG- ^ indicates the respective tenaperature states of a 

heater, together with operating it simultaneously with the hot-water cycle according to the first embodiment of the 

refrigerant compressor. The exterior heat exchanger may present invention; 

function as a condenser to condense refrigerant during HG. 13 is a structural view showing a second embodi- 
cooler operation and may function as an evaporator to ^ ment of the present invention; 

evaporate refrigerant during heater operation. Refrigerant yiQ, 14 ^ structural view showing a third embodiment 

flow may be forced to flow within the exterior heat of the present Invention; 

exchanger and have its flow direction reversed during coder r-^ry mei ^ ^ t • t. • r t. j. 

operation and dming heater operation. HG. IS b a stnictmd view showing a fourth enAodii^^ 

A _ji * * 1 *i * of the present mvention; 

According to the present invention, a refrigerant com- . ^ ^ , . ^ , ^ 

pressor compresses refrigerant and disch^ges high- is a structoral view showing a fifth embodiment 

temperature, high-pressure refrigerant Accordingly, the or the present invention; 

high-temperature, high-pressure refrigerant flowing into a ^ * structural view showing a sixtii embodiment 

refrigerant/water heat exchanger exchanges heat with hot ^® present invention; 

water circulating through a hot-water cycle and heats the hot F^O. 18 is a structural view showing a seventh embodi- 

water by means of condensation heat Hot water heated by nienl of the present invention; 

means of this refrigerant condensation heat is sent by means FIG. 19 is a structural view showing an eighth embodi- 

of a pump to a hot-water type heat exchanger within a duct ment of the present invention; 

Accordingly, hot water flowing into the hot-water type heat FIG. 20 is a structural view showing a ninth embodiment 

exchanger exchanges heat with air flowing witiiin the duct of the present invention; 

by means of operation of a blower and heats tiie air. piG. 21 is a stniaural view showing a temh embodiment 

Accordingly, air heated by means of hot water at this of the present invention; 

hot-wato- type heat ex^nger is blown into a passenger ^ ^ refrigeration devias 

compartoentbymeansofopaation^^^^^^^^ housed in an refrigeration device housing according to the 

of this, the passenger compartment is heated by means of a «> ^^iment of the present invention; 

heat-punm hot-water heater. Additionally, because an exist- ... ,^ , . . , . 

ingheaterunitprovidedwithahot-watertypeheatcrcanbe , ^'^^ ?^ ^jj^ view showmg reMgeratoon devices 

utilized, lower cost can be obtained. ^"^"^^ «=MePra^™ device houstog according to the 

tenth embodiment of the present invention; 

BRIEF DESCRIPTION OF THE DRAWINGS « HG. 24 is a plan view showing leMgeration devices 

These and other objects, features and characteristics of the housed in an refrigeration device housing according to the 

present invention will be understood by studying die fol- tenth embodiment of the present invention; 
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FIG. 25 is a stnictoral view showing an eleventh embodi- 
ment of the present invention; 

FIG. 26 is a structural view showing a twelfth embodi- 
ment of the present invention; and 

FIG. 27 is a stnictoral view showing a thirteenth embodi- 5 
ment of the present invention. 

DETAILED DESOOFIION OF THE 
PRES©m.Y PREFERRED EXEMPLARY 
EMBODIMENTS 

The tenn *1iot water" used in this specification also 
includes warm water. 
[The Pint Embodiment] 

An air-conditioning apparatus fco: vehicle use according to 
the present invention will be described on the basis of a 
plurality of embodinients applied in an air-conditioning 
apparatus for electric automobile use. 

FIGS. I to 12 illustrate Ifae first embodiment according to 
the present invention. FIG. I indicates an air-conditionhig 
q)paratus for electric automobile use. Air-conditioning 
^paratus for electric automobile use 1 is utilized as a 20 
so-called manual air conditions for electric automobile use 
or an automatic air conditioner for electric automobile use. 

Air-conditioning apparatus for dectiic automobile use 1 
is stractured with duct 2 for sending air into a passenger 
compartment, blow^ 3 which causes airflow to be generated 2S 
widiin duct 2, re&lgeration cyde (heat-punqi cyde) 4 in 
which refiigerant circulates, hot-water cyde 5 in which hot 
water circulates, and dectrooic control unit (hereinafter 
termed *'ECir) 100, which operates by means of dcctrical 
power from vehide-mounted power supply (battery) 6 and 30 
controls the re^ectivc air-conditioning devices. 

Duct 2 is disposed to the forward side of a passenger 
compartment of an electric automobile. The most upwind 
side of duct 2 is a portion structuring an inDcr/outcr air 
switching box, and has inner air intalce pott 7 and outer air 33 
intake port 8. Furthermore, innei/outcr air switching damper 
9 is installed fieely rotatable on an inner side of inner air 
intake poit 7 and outer air intake port 8. Inner/outer air 
switching damper 9 is driven by means of an actuator (not 
illustrated) which is a servomotor or the like. A danq)er is 40 
also called a door. It is all right to replace a danq)er with a 

dOQL 

Additionally, DEF vent 11, CENTER FACE vent 12, 
SIDE FACE vent 13, and FOOT vent 14 are disposed on the 
passenger con^artment unit 10 side of duct 2. Furthermore, 45 
mode switching dampers 15 to 18 are installed fredy 
rotatable on die inner side of the respective vents. Mode 
switdiing dampers 15 to 18 are respectively driven by 
means of an actuator (not illustrated) whidi is a servomotor 
or the like. 50 

Blower 3 is disposed within a saoU casing constituting 
the upwind side of duct 2. Blower 3 is such that the 
rotational speed thereof is controlled by means of blower 
motor 19, and takes in air inside the passenger compartment 
(hereinafter termed **inner aif ) or air outside the passenger 55 
compartment or (hereinafter termed "outer air**) from an 
opened vent being dther inner air intake port 7 or outer air 
intake port 8, and blows air into the passenger conq>artment 

Refiigcration cyde 4 is a so-called accumulator cyde, and 
is structured from refrigerant compressor 20, refrigerant/ 60 
water heat exchanger 21, first pressure-reducing means 22, 
exterior heat exchanger 23, second pressure-reducing means 
24, refrigaant evaporator 25, accumulator 26, refrigerant 
passage switching valves 27 and 28, and refrigerant p^ing 
and the like to connect these dements. 65 

Refirigeration compressor 20 is an dectromotive type 
refrigerant confessor, and comprises a compressor portion 
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which compresses gas refrigerant flowing into the interior 
from an intake port and discharges high-teiiq)cratm«, high- 
pressure gas refrigerant from a discharge port, and an 
electric motor (not illustrated) as a drive portion to drive this 
conqncssor portion. Refrigerant con^iressor 20 is provided 
with inverter for air conditioner use 30 as a rotational speed 
control means to control the rotational speed of refrigerant 
confessor 20 on the basis of output signals of ECU 100. 
Accordingly, for the electric motor, dectrical power applied 
from die vehide-mounted power supply 6 is variably con- 
trolled continuously or in a stepwise manner by means of 
invoter for air conditioner use 30. Consequentiy, refrigerant 
comjtressor 20 controls die heating capadty of refrigerants 
water heat exchanger 21 and the coding capadty of refrig- 
erant ev^rator 25 by means of varying the refrigerant 
dischaige capacity and regulating the flow of refrigerant 
circulating widiin refrigeration cyde 4 by noieans of changes 
in the rotational speed of the dectric motor due to changes 
in applied dectrical power. 

FIOS. 2 to 5 illustrate examples of arcfrigerant^ater heat 
exchanger. Refiigcrant/water heat exchanger 21 is a heat 
exchanger vAadx causes high-teuqterature. high-pressure 
gas refrigerant disdiarged from a discharge port of refrig- 
aant compressor 20 and hot water drculattng within hot- 
water cyde 5 to exchange heat Refrigerant/water heat 
exchanger 21 indudes a metal of duminum alloy or the like, 
and is conqiosed of circular proportion 31 of a double-loop 
configuration and two square pipe portions 32 and 33, with 
hot-water path 34 formed on the inner side and refrigerant 
path 35 formed on the outer side. Hot-water inlet pipe 36 and 
refiigerant outietpq)e 37 are installed on square pq)e portion 
32. Additionally, hot-water outiet pipe 38 and refrigerant 
inlet pipe 39 arc installed on square pipe portion 33. 

Hrst pressure-reducing means 22 is composed of a cap- 
illary tube, orifice, expansion valve, and the Like, and 
refiigerant flows through die interior during the heat-pump 
hot-water heat^ mode. First pressure-reducing means 22 
reduces the pressure of refrigerant flowing tiurough the 
interior and makes it into refrigerant of a vapor-liquid 
two-phase state. 

Exterior heat exchanger 23 is disposed outside the pas- 
senger con^artment, for exan^le, in a location which easily 
receives travel wind of die electric automobile. Exterior heat 
exdianger 23 functions as an evq>orator which causes 
low-ten^)aature, low-pressure refrigerant in a vapor-liquid 
two-phase state, whidi has undergone pressure reduction by 
first pressuie-redudng means 22 during the heat-pump hot- 
water heater mode, and outer air blown by electric fan 40 to 
exdiange heat, tiius causing the refrigerant to evaporate. 
Additionally, exterior heat exchanger 23 functions as a 
condense which causes high-pressure refrigerant which has 
flowed in from refrigerant^vatei heat exchanger 21 during 
the cooler mode and outer air blown by electric fan 40 to 
exchange heat, thus causing the refrigerant to condense. 

Second pressure-reducing means 24 is composed of a 
capillary tube, orifice, expansion valve, and the like, and 
refrigerant flows through the interior during die cooler 
mode. Second pressure-reducing means 24 reduces die pres- 
sure of refrigerant flowing through the interior and makes it 
into refrigerant of a vapor-liqidd two-phase state. 

Refrigaant ev^orator 25 is disposed within a cooling 
unit case forming an intermediate portion of duct 2. Refiig- 
erant evaporator 25 causes low-temperature, low^ressure 
refrigerant in a vq)ar-liquid two-phase state, whldi has 
undergone pressure reduction by second pressure-reducing 
means 24 during die cooler mode, and air passing Uirough by 
means of operation of blower 3 to exchange heat and cool 
the air togedier widi causing the refrigerant to evaporate. 
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Accumulator 26 functions as a vapor-liquid separator receives travel wind of the electric automobile, and is 

which separates refdgcrant flowing into the interior into connected in bot-watci heat-radiating path 65 of hot-water 

liquid reMgerant and gas refrigaant and supplies only gas cyde 5. Radiator 54 causes high-tcmperaturc hot water and 

refrigerant to refrigerant con^ocssor 20. In addition, it is cooling air sent by means of cooling fen 66 or travel wind 

also acceptable to use a receiver as a vapor-Uquid separator. 5 to exchange heat, tfius cooling the hot water so feat the hot 

The receiver may also be disposed w as to be connerted ^^ter falls bdow a specified temperature (for sample 70° 

between r^gerantAvatcr heat cxdiangcr 21 ^d first q to 85« C). In addition, bypass passage 67, which^ows 

pressure-reducing means 22, or to be connected between ur.* t/wa.e ^auI^ca ^/^u^ 1™. 

«terior heat exdianger 23 and second pressure-redudng ^^.^^^^^^^ bypass mdiator 54 so that low-tcmpcraturc hot 

means 24 ''^^'^^'^ ^ »wwuu nicasunj-icuu^^uig ^ cooled by radiator 54, is connected in hot-water 

Re&igciant passage switching vaWes 27 and 28 are ele<> heat-radiating path 65. 
tromagnetic type refrigerant passage switching means for ™" ^ "^^^^^ ^ example of a combustion type heater 
switching the direction of refrigerant flow within irfrigera- ^ *® ^^^^^ indicated by reference numeral 55 in FIG. 
tion cyde 4. Refrigerant passage switching valves 27 and 28 ^' Combustion type heater 55 is mounted outside the pas- 
are provided respectivdy with bypass pq)elincs 41 and 42, sengcr con^artmcnt of the dectric automobile, and is stmc- 
which cause refrigerant to bypass first and second pressure- 1^ tured from heater case 68 of boxlike configuration, combus- 
reducing means 22 and 24. Refrigerant passage switching cylinder 69 disposed within heater case 68, fud pipe 70 
valves 27 and 28 arc opened when dectricaUy charged and which sends fuel into combustion cylinder 69, glow plug 71 
dosed when the electrical diarging is stopped which ignites fuel during starting, and dectric motor 73, 

Hot-water cyde 5 is structured from refrigcrantAe/atcr which rotates and drives combustion fan 72, which blows 

heat exchanger 21, dectric hot-wato* heater 51, hot-water 20 combustion ain Combustion type heater 55 causes fiid such 

heater core 52, exhaust-heat cooler 53, radiator 54, combus- as gasoline^ kerosene, diesel oil, or the like to combust in the 

tion type heater 55, water pump 56, hot-water passage combustion tube, and provides the quantity of heat thereof 

switching valves 57 to 59, and hot-water cycle pqnng and to the hot water. 

the like to connect these dements. According to the present Intake pipe 74 draws in combustion air and exhaust pipe 

embodiment, antifreeze (for exan^le a water-based solution 25 75 discharges combustion exhaust Both pipe 74 and 75 are 

of ethylene glycol) is utilized as hot water. formed bdow heater case 68. Additionally, heater case 68 

Electric hot-water heater 51 is composed of hot-water indudes intake port 78 where hot water flows from corn- 
tank 62 in the interior of ^di is disposed electric heato* 61, bustion type heater passage 77 to hot-water path 76, and 
the electrical charge of which is controlled by means of discharge port 79 where hot water flows from hot-water path 
heater controller 60, and hot water is heated by means of 30 76. As shown in FIG. 1, fiid pipe 70 is supplied with fuel by 
heat generation of dectric heater 61. means of sending fuel within fiid tank 80 under pressure by 

Hot-water heater core 52 is a hot-water type heater means of operation of fiid pump 81. 
according to the present invention, and is disposed within Additionally, combustion type heater 55 is such that the 
duct 2 on the downwind side from refrigerant ev^orator 25. amount of combustion becomes larger and tiie quantity of 
That is, hot-water heater core 52 is disposed wifldn a heater 35 heat provided to the hot water also becomes larger when the 
unit case forming a vent switching box of datt 2. Hot-water amount of fud sent under pressure from fiid pump 81 is 
heater core 52 causes hot water heated to hi^ temperature large (HIGH operation). On the other hand, the amount of 
and air flowing within duct 2 to exdiange heat, and thus combustion becomes smaller and the quantity of heat pro- 
heats the air. vidcd to the hot water also becomes smaller when the 

Air-mix dampers 63 and 64 regulate the amount of air 40 amount of fud sent under pressure from fud pump 81 is 

passing through hot-water heater core 52 and the amount of small (LOW opcratiott). 

air bypassing hot-water heater core 52 and adjust the tem- FIGS. 7 and 8 illustzate an example of a water pump, used 

perature of blown air which is blown into the passenger as water pump 56 in FIG. 1. Water pump 56 indudes motor 

compartment Dampers 63 and 64 are fi:eely and rotatably housing 83, rotating shaft 84 supported to be fredy rotatable 

installed in the air inlet portion and outlet portion of hot- 45 within motor housing 83, impeller 85 installed on an end 

water heater core 52. Air-mix dampers 63 and 64 are driven portion of rotating shaft 84, dectric motor 86 which drives 

respectivdy by means of an actuator (not iUustroted) which rotating shaft 84, and the like. Suction portion 87 draws hot 

is a stepping motor, servomotor, or the like. water into water pump 56 and discharge portion 88 dis- 

Exhaust-heat cooler 53 is provided with a water jacket charges hot water. Sudion portion 87 and discharge portion 

(not illustrated) and a hot-water chamber (not illustrated) 50 88 are formed integrally in motor housing 83. Additionally, 

into which hot water flows. Exhaust-heat cooler 53 cools, by pump portion 89, which generates rediculating flow in the 

means of the hot water, motor for travel use M and dectrical hot water by means of rotation of the impeller 85, is formed 

components such as transistors within inverter I, both of within motor housing 83. 

which generate heat when electrically charged. Inverter I Elertric motor 86 indudes magnet 91 as a field pole fixed 

controls the speed of motor M. Exhaust-heat cooler 53 55 on an inner circumfef entid surface of motor case 90, arma- 

recovers exhaust heat generated during operation of motor ture 94 having commutator 93, which slidingly contacts 

for travd use M and invoter for travd use I as the dectric brush 92. In addition, motor housing 83 and motor case 90 

automobile travels, as well as preventing overheating of the are interconnected by means of tightening three bolts 95. 

heat-generating bodies, Le., motor M and inverter L Furthermore, seal material 96 is mounted between motor 

Additionally, it is also acceptable to provide a water- $0 housing 83 and rotating shaft 84 to prevent leakage of hot 

temperature sensor for detecting the water tenperature of water. 

hot water within exhaust-heat cooler 53, so that hot water is Hot-water passage switching valves 57-59 arc electro- 
cooled by radiator 54 when the water ten:^)erature of hot magnetic type hot-water passage switching means to switch 
water, which has recovered exhaust heat, rises above a thedirectionof hot-water flow within hot-water cycle 5, and 
specified temperature. 65 are provided respectively with hot-water heat-radiating path 
Radiator 54 is disposed outside the passenger 65, bypass passage 67, and combustion type heater passage 
compartment, for example in a location which easily 77. Hot-water passage switching valves 27 and 28 arc 
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Opened when electrically cfaaiged and dosed "wbca the 
electrical cfaaiging is stopped. 

FIQ. 9 indicates an ECU of an air-conditioning apparatus 
for automobile use. ECU 100 includes a central processing 
unit (hereinafter tmncd •'CPU") 101. ROM 102. RAM 103, 5 
A/D converter 104, and interfaces 105 and 106. ECU is itself 
of a known type. Additionally. ECU 100 is suj^lied widi 
electrical power to operate from vehide-mounted power 
supply 6 via junction box J which is also connected to 
inverter for travd use I 

ECU 100 contrds die operating state of innei/oufer air 
switching damper 9, mode switc&ng danq^ers 15 to 18, 
blower motor 19 of blowcx 3, inverter for air conditioner use 
30 of reMgcrant compressor 20, re&igerant passage switch- 
ing valves 27 and 28. dectric fan 40, combustion ^e heater 
55, water pump S6, hot-water passage switdiing valves 57 
to 59. air-mix dampo^ (£3 and 64, cooling fan 64, and fud 
pump 81 on the basis of input signals input fram inner air 
temperature sensor 111, ambient air temperature sensor 112, 
sunMght sensor 113, refrigerant pressure sensor 114, post- 
ev^xirator temperature sensor 115. water temperature senr 20 
sors 116 and 117. vent temperature sensor 118. and operation 
pand 200. and a previously input control program. 

Inner air temperature sensor lU detects the temperature 
within the passenger conqiartment (inner air tenqxxature) 
and sends an output to ECU 100 as an inner air tenq>erature 25 
signal Ambient air temperature sensor 112 detects the 
temperature outside the passenger con^artment (ambient air 
tenq>erature) and sends an ou^ut to ECU 100 accordingly. 
Sunlight sensor 113 detects the amount of sunlight in the 
passenger conqurtment and sends sunlight amount signd to 30 
ECU 100. Refrigerant ptessure sensor 114 detects the high- 
presaire pressure of refrigeratton cyde 4 and sends refrig- 
erant pressure signal to ECU 100. 

Post-evaporatar ten^ature sensor 115 detects the air 
outlet tenq»erature of die refrigerant evaporator 25 and sends 35 
a post evap(rative teiq)erature signal to ECU 100. tenqtera- 
ture sensor 116 Water comprises a tenq>erature-sensing 
dement, for exanq>le, a thennlstor, and is disposed in 
combustion type heater passage 77 on the downstream side 
of combustion type heater 55. Water temperature sensor 116 40 
detects the ten^erature of the hot water, and sends a water 
teirq)eiature si^al accordingly. Vent tenq^aatore sensor 118 
detects the temperature of blown air blown into the passen- 
ger con^artment from FOOT vent 14 of duct 2. and provides 
a vent temperature signal to ECU 100. 45 

An example of controlling coinbastion type heater 55 by 
means of ECU 100 will be described hereinafter. U water 
tenqverature sensor 116 disposed in combustion ^pe heater 
77 rises above an uppo'-limit ten^erature setting (for 
example SO*" C). ECU 100 sets combustion type heater 55 so 
to LOW operation by means of reducing the drive frequency 
of fud pump.81 and redudng the supplied amount of fuel 

Additionally, if while remaining in LOW operation the 
water temperature of the hot water rises above an overheat 
temperature (for example SS^'C.) higher dm the upper-limit ss 
temperature setting. ECU 100 causes a notification means 
(not illustrated) which an operating light or the like to flash, 
stops drive of fud pun^ 81. drives only fan. 72. and starts 
scavenging (post-purge). At this time, water pump 56 is 
operated and hot water is made to drculate in hot-water path 60 
76. Accordingly, after the elapse of a specified time (for 
exanc^e 120 seconds) scavenging is ended and all devices 
of combustion type heater 55 are automatically sto|iped. 
Additionally, if water temperature sensor 116 drops bdow a 
lower-limit temperature setting (for exanqile 70^ C) which 65 
is lower than tiie upper-limit temperature setting, q>eration 
of combustion type heater 55 is again started. 
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FIO. 10 indicates an example of an operation panel 
Disposed on operation pand 200 arc vent mode sdector 
switdi t>ank 201 to switdi die direction of blown air, 
temperature adjustment lever 202 to adjust the blowing 
tenq)erature, innec/outer air selector switdi 203 to switch 
between inner and outer air, blowex switch 204 to switdi the 
quantity of blown air by manual operation, blower aoto 
switdi 205 to switch the quantity of blown air automatically, 
and air-conditioning mode selector switch bank 206 to 
switch the air-conditioning mode. 

By means of controlling die opening and dosing of mode 
switdiing dangers 15 to 18, vent mode selector switdi bank 
201 switches respectivdy to a FACE mode for blowing air 
to die headed diest area of a rider, a BILEVEL mode for 
blowing air to bodi the head and chest area and die feet of 
a rider, a FOOT mode for blowing afr to the feet of a rider, 
a FOOT/DEF mode for blowing air to bodi the feet of a rider 
and a windshield, and a DEF mode for blowing air to a 
windshidd, and indudes a plurality of switches 211-215. 

Tbn^erature adjustment lever 202 performs setting of the 
rotation speed of refrigerant conqxressor 20 or setting of the 
degree of opening of air-mix danq>ers 63 and 64 in die 
respective air-conditioning modes in accordance with the set 
position. Tenq)erature adjustment lever 202 is divided into a 
plurality of setting zones in accordance with die amount of 
stroke, and setting of die frequency of inverter for air 
conditioner use 30 which drives refrigerant compressor 20 
and rotational speed control are performed in accordance 
with the selected air-oonditioning mode and setting zone. 

By controlling the opening and dosing of inner/outer air 
switdiing damper 9. inner/outer air selector switch 203 
switches the inner air circulation mode whidi takes in inner 
air fromiimcr air intake port 7 and the (mter air intake mode 
whidi .takes in outer air from outer air intake port 8. 
Air-conditioning mode selector switdi bank 206 switdies to 
stopped operation of air-conditioning apparatus for dectric 
automobile use (in the case of a manual air conditioner) 1, 
coder mode, heat-pun^ hot-water heater mode, combustion 
heater hot-water heater mode, and dehumidify mode, and 
indudes stop switch. 261, cooling switch 262. heat-pump 
hot-water heater switch 263. combustion heater hot-wata 
heater switdi 264. and dehumidify switch 265. 

FIO. 11 indicates anodier example of an operation pand. 
Operation pand 200 is an operation panel of an automatic air 
conditioner, and automatically switches a cooler mode, 
heat-puiE9> hot-water heater mode, combustion heater hot- 
water heater mode, and dehumidify mode on the basis of 
temperature adjustment lever 207 and input signals from 
respective sensors. 208 is an operation-stop switch for 
air-conditioning apparatus for dectric automotnle use (in the 
case of a manud air conditioner) 1. 

Next, a mode of operation of air-conditioning apparatus 
for electric automobile use 1 according to the first embodi- 
ment will be described briefly with reference to FIOS. 1 to 
12. 

During die cooler mode, refrigerant passage switching 
valve 27 is opened and refrigerant passage switching valve 
28 is dosed. Consequendy. hig^-temperature, high-pressure 
gas refrigerant discharged from refrigerant compressor 20 is 
condensed and liquefled when it passes through refrigerant/ 
water heat exchanger 21 and exterior heat exchanger 23. Hie 
liquid refrigerant Is depressurized and becomes low- 
temperature refrigerant of mist configuration (vapor-liquid 
two-phase refrigerant) when it passes through second 
pressure-reducing means 24. 

This low-tenq)erature refrigerant of mist configuration 
flows into refrigerant evaporator 25 within duct 2, 
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exchanges heat with air blown by means of operation of 
blower 3, and is vaporized, after which it flows into accu- 
mulator 26. Accordingiy, in accumulator 26 the refirigerant is 
separated in v^r and liquid and only gas re&igerant flows 
into the refidgeiant compressor 20. Meanwhile, air cooled by s 
heat of vaporization of refrigerant in refiigerant evaporator 
25 is blown into passenger con^aitment primari]^ from 
CH^TER FACE vent 12, by means of which the passenger 
con^artment is cooled 

At this time, of course io a case where there is need to cool lo 
vehicle-mounted electrical devices such as motor for travel 
use M, inverter for travel use L or any other type of electric 
vehicle^ and even when there is no need thereof, hot water 
is cooled by air by means of cpening hot-water passage 
switching valve 57, closing hot-water passage switching 15 
valves 5$ and 59, and causing hot wat€f which has collected 
the exhaust heat of vehicle-mounted electrical devices at 
exhaust-^eat cooler 53 to circulate to radiator 54. By means 
of this, hot water entering refrigerant/water heat exchanger 
21 is cooled by means of radiator 54 and becomes low- 20 
temperature hot water, and because refidgerant/water heat 
exchanger 21 also functions as a refrigerant condenser, 
cooler performance is improved. Additionally, in a case 
wherein sufficient travel wind to cool the hot water is not 
obtained at radiator 54 because the electric automobile is in 25 
a stopped state or low-speed travel state, cooling fan 66 is 
made to operate so as to perform forced cooliiig. In addition, 
eleoric heater 61 is switched oflf by means of the heater 
controller 60. 

Accordingly, temperature adjustment of l)lown air blown 30 
into the passenger conq>aitment can be peiformed by means 
of adjustment of degree of opening of air-mix dangers 63 
and 64 io accordance with the set position of temperature 
adjustment lever 202. However, from the standpoint of 
reduced electrical power consun^tion, which is an impor- 35 
tant matter for an electric automobile, it is better to fully 
open air-mix dampers 63 and 64 and cause all air to bypass 
hot-water heater c<^e 52, and perform rotational speed 
control of refrigerant compressor 20 by means of inverter for 
air conditioner use 30, to adjust the tenipeiature of blown air 40 
blown into the passenger compartment. 

During the hea^pump hot-water heater mode, refrigerant 
passage switching valve 27 is closed and refrigerant passage 
switching valve 28 is opened. Consequently, high- 
temperature, high-pressure gas refrigerant discharged from 45 
refrigaant compressor 20 is condensed and liquefied when 
it passes dirough refrigerant/water heat exdianger 21. The 
liquid refrigerant is depressurized and becomes low- 
temperature refrigerant with a misty configuration (vapor- 
liquid two-phase refrigerant) when it passes through flrst so 
pressure-reducing means 22. 

This low-temperature refrigerant flows into exterior heat 
exchanger 23 where it exchanges heat with ambient air 
blown by means of electric fan 40, and is v^orized, after 
which it flows into accumulator 26. Accordingly, in accu- 55 
muiator 26 the refrigerant is separated into vapor and liquid 
and only gas refrigerant flows into refrigerant compressor 
20. 

Meanwhfle. in hot-water cycle 5, the hot-water passage 
switching valves 57 and 59 are closed and hot-water passage 60 
switching valves 58 is opened. Consequently, hot water 
whidi passes through bypass passage 67 and flows into 
refrigerant/water heat exchanger 21 by means of operating 
water pump 56 is heated by means of condensation beat of 
the refrigerant. This heated hot water flows into ho^water 65 
heater core 52 within duct 2 and exchanges heat with air 
blown by means of operation of blower 3, and the air 
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becomes hot air: This hot air is blown into the passenger 
coiiq>artment primarily from FOOT vent 14, by means of 
which the passenger compartment is heated. 

FKt. 12 illustrates a state of water temperature change of 
the hot water and of the temperature change of ambient air. 
This is the respective temperature state when flie amount of 
blown ambient air is 200 m^/h, ambient taiq>erature (equal 
to the intake air tBn:q>eratnre of hot-water heater core 52) is 
4.4° C, condensation temperature Tc of refidgerant/water 
heat exchanger 21 Is 47.8° C, the amount of circulatioD of 
hot water within hot-water cycle 5 is IS liters/minute, and 
the thermal load in the passenger compartment is 2.3 kW. 

Hot water with a water temperature of 403° C. flows into 
refiigerant/.water heat exchanger 21, and by means of 
exchanging heat wifli refrigerant with a high temperature of 
47.8° C, fl)e water temperature rises 2.2° C. and achieves a 
water tenoperature of 42.5° C at the outlet of refrigerant/ 
water heat exchanger 21. Accordingly, this hot water with a 
water temperature of 42.5° C flows into hot-water heater 
core 52, and by means of exchanging heat with ambient air 
with a temperature of 4.4° C. and being cooled, the water 
temperature drops 2.2° C. and achieves a water tenperature 
of 403° C. at the ouflet of refrigerant/water heat exchanger 
2L 

Meanwhile, flie air which exchanged heat wifli the hot 
water at hot-water heater core 52 and dqnived the hot water 
of its retained heat experiences a 343° C. temperature rise 
and becomes 38.7° C By means of tiiis, the temperature of 
air blown into the passenger compartment from FOOT vent 
14 becomes 38.7° C. and sufficient heating of the passenger 
compartment can be performed. 

Accordingly, hot water which radiated heat at hot-water 
heater core 52 returns again to water pump 56. At this time, 
exhaust heat from motor for travel use M and inverter for 
travel use I can also be used effectively as an auxiliary heat 
source at exhaust-heat cooler 53 conne(^d midway in 
hot-water cyde 5. 

Additionally, in a case wherein a sufficient quantity of 
heat cannot be obtained only with the condensation heat of 
the refrigerant of refrigerant/water heat exchanger 21. it is 
also acceptable to assist in heating the hot water at electric 
hot-water heater 51 by means of operating heater controller 
60 and electrically charging electric heater 61. Moreover, 
because the hot-water passage switching valve 57 is closed, 
radiated-heat loss due to radiator 54 can be prevented. 

Accordingly, in the same manner as for the cooler mode, 
temperature adjustment of the air blown into the passenger 
coiiq>artment can be performed by means of adjusting the 
degree of opening of air-mix danq)ers 63 and 64 in accor- 
dance with the set position of ten^)erature adjustment lever 
202, but it is better to ftiUy open air-mix danq)ers 63 and 64 
and cause all air to bypass hot-water heater core 52. and 
perform rotational speed control of refrigerant compressor 
20 by means of inverter for air conditioner use 30, to adjust 
the ten^>»:ature of air blown into the passenger compart- 
ment 

Dq)ending on the destination region there may be cases 
wherein ambient temperature is extremely low (for example 
a cold-dimate region of -10° C to -30° C. or less) and a 
sufficient quantity of heat cannot be obtained with the 
refrigerant/wata heat exchanger 21 and electric hot-water 
heater 51. Id such a case, hot-waterpassage switching valves 
57 and 58 are opened, hot-water passage switching valve 58 
is dosed, and the required quantity of heat is provided to the 
hot water by means of combustion type beater 55, without 
driving refrigerant compressor 20. 

Hereinafter, the mode of operation of combustioD type 
heater 55 will be described briefly with reference to FIG. 1 
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and FIG. 6. Fuel sent by operation of fuel pun^) 81 is I are provided with hot water by exhaust-heat cooler S3 and 

vaporized in combustion cylinder 69, and during starting the the hot water heated by means of this exhaust heat is made 

fuel is ignited by glow plug 71, or while running is mixed to flow into the hot-water heater core 52 and heat air flowing 

with combustion air sent by means of operation of combus- wi&in duct 2, exhaust heat of vehicle-mounted electrical 

tion fan 72 and is combusted. Combustion exhaust passes 5 devices can be used effectively for heating the passenga 

within the combustion cylinder 69 so as to exchange heat compartment, and so flie energy of the v^de-mounted 

more conqiletely with hot watear flowing within hot-water power supply 6 can be utilized effectively, 

path 76 and is discharged from exhaust pq)e 75. This ^ Second Embodiment] 

combustion exhaust performs substantially conq)lete com- pjQ ^3 illustrates a second embodiment according to the 

bustion and so is a dean gas. ^ ^ ^ 10 present invention, and shows an air-conditioning apparatus 

Meanwhile, hot water enters within hot-water p^^^ 76 automohUc use. According to this embodiment, 

frommtakeport78 losses around combustion cylinto 69 fortpressure-rcdudng means 22, refrigerant passage switdi- 

and is he^ then is disdiarged from tediarge p(m 79 and J'^^^^^^ J pijdines 41 ^ 42 are 

is suDi>lied to hot-water heater COTe 52. By means of this, hot vaivca */ ouu iw, auu u^pooD pi^oiui^d •vx ami aiw 

wa^TcTsiS^^^ is drculated in T^^'J^'^ 

hot-water heater core 52T^cn'S ambient temperature r^(^ation cyde 4. Ad^hUonaUy, ri^ 

extremely low and heat-pun^^ hot^ater heating cannot be 51, cxhaust4icat cooler 53, radiator 54, combustion typt 

paformcd, and so the passenger compartment can be heated hcata: 55, hot-water passage switching valves 57 to 59, 

with a suffident quantity of heat hot-water heat-radiating path 65, and combustion type 

During tiie dehumidify mode, in the same manner as for heater passage 77 are eliminated from hot-water cyde 5, 

the cooler mode, refrigerant passage switching valve 27 is 20 simplifying hot-water cyde 5. Moreover, reserve tank 98 is 

opened and refrigerant passage switching valve 28 is dosed. installed in hot-water cyde 5. 

By noeans of this, air blown into refrigerant evaporator 25 by - Fdrthermore, according to the present embodiment as 
means of operation of blower 3 is cooled. Accordingly, well, switching of the cooler mode and the hcat-punq) 
moisture in the air is condensed and adheres to the fins or the dehumidification hot-water heater mode and cj5>acity con- 
like of refrigerant evaporator 25, by means of which tiie air 25 trol of heater C25)adty and coder capadty can be performed 
is dehumidified. by means of rotational speed control of refrigerant comprcs- 
Moreover, in a case where reheating of dehumidified air sor 20, control of the dq^e of cpening of air-mix dainpers 
is desired, it is acceptable to cause air-mix dampers 63 and 63 and 64, operation contrd of water pun^ 56, and the like. 
64 to operate, lead a portion or all of the ah: thereof into the Accordingjly, it is preferable to employ this embodiment in 
hot-water heater core 62, and cause heat exdiange with the 30 an electric automobile traveling in regions (for example a 
hot water. At this time, it is acceptable to selectivdy use region with an air temperature of 0** C. oc more) where the 
refrigeran^water heat exchanger 21, combustion type heater required quantity of heat can be obtained by means of the 
55, electric heater 61, or the like which is a natural heat heat^ un^ ddiumidification hot-water heater mode, 
source as the mediod of heating the hot water depending on flhe Third Embodiment] 

the ambient temperature condition at that tim& 35 FIG. 14 illustrates a third embodiment of the present 
In the above-described manner, because the air- invention, and shows an air-conditioning apparatus for dec- 
conditioning ^)paratus for dectnc automobile use 1 causes trie automobile use. According to this embodiment, exterior 
hot water heated by means of condensation heat of rcfrlg- heat exchanga 23 is farther eliminated from refiigeration 
erant at the refrigCTant^vater heat exchanger 21 to flow into cyde 4 according to the second embodiment, sinq)lifying 
hot-water heater core 52 and heats air flowing within duct 2, 40 the refrigeration cycle 4. Conversdy, exhaust-heat cooler 53 
suffident heata capacity can be obtained even in a region and radiator 54 are added to hot-water cycle 5 according to 
(for cxan^e a region where the ambient air temperature the second embodiment, and exhaust heat of vehicle- 
drops to -10° C. to -30* C or less) where heater capadty mounted electrical devices sudi as motOT for travd use M 
was insuf&dent with a heat-pump heater according to the and inverter for travel use I is utilized during the heat-punq> 
prior art which made an interior heat exchanger function as 45 dehumidification hot-water heater mode, 
a condenser to perform heating of a passenger compartment [The Fourth Embodiment] 

Additionally, because an existing heater unit provided with FIG. IS illustrates the fouitfi embodiment according to the 
hot-water heater core 52 and the vent switching mechanism present invention, and shows an air-conditioning apparatus 
can be utilized, the need to provide an air-conditioning unit for electric automobile use. According to the present 
(passenger compartment unit 10) is eliminated, and so cost 50 emibodiment, dectric hot-water heater 51, exhaust-heat 
can be reduced. cooler 53, radiator 54, combustion type heater 55, hot-water 
Additionally, because hot water heated by means of passage switching valves 57 and 59, hot-water heat- 
combustion heat of combustion type heater 55 is caused to radiating path 65, and combustion type heater passage 77 are 
flow into hot-water heata core 52 and heat air flowing eliminated from hot-water cyde 5 according to the first 
within duct 2, sufficient heater c^adty can be obtained even 55 embodiment, sin^liiying hot-water cyde 5. 
in a region (for exaiiq>le a region where flie ambient air Fiirfliennore, also according to the present embodunent, 
tenqjerature drops to -10° C to -30* C or less) vAiCit switching of the cooler mode, dehumidify mode, and heat- 
heater capadty was insuffident with a heat<^UBq> heater pump hot-water heater mode and also cq>adty control of 
according to known devices, whidi made an interior heat heater cq>adty and cooler capadty can be performed by 
exchanger function as a condenser to perform heating of a 60 means of rotational speed contrd of refrigerant compressor 
passenger compartment. Additionally, because add-on 20, control of the degree of opening of air-mix danq)ers 63 
assembly of combustion type healer 55 can be performed and 64, operating state of water pump 56, and the like, 
simply by combining combustion type heater 55 with air- [The E^ifth Embodiment] 

conditioning qiparatus for electric automobile use 1 pro- FIG. 16 illustrates a fifth embodim^t according to the 

vided with hot-water cycle 5, cost can be reduced 65 present invention, and shows an air-conditioning apparatus 

Purthemiore, because veMde-moimtcd electrical devices for de<Aric automobile use. According to the present 

sud) as the motor for travd use M and inverter for travel use embodiment, combustion type heater 55 is added to hot- 
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water cyde 5 according to the second embodiment and a reftigerant/watcr heat exchanger 21 is 60* C„ then when this 

cooler mode, heat-pump dehumidiflcation hot-water heater hot water passes through water-cooling portion 303 of 

mode, and combustion heater mode can be switched. internal combustion engine 301, the hot water recovers the 

Moreover, because this embodiment can ensure a sufficient exhaust heat of internal combustion engine 301 and is heated 

quantity of heat by means of selecting a combustion heater 5 become hot water witii a ten^erature of about 80° C, and 

hot-water heater mode, it becomes possible to be en^>loyed heating c^adty of air flowing within duct 2 is vastly 

as air-conditioning apparatus for electric automobile use 1 in^Jroved by means of this hot water being supplied to 

for cold climates (for example a region with an air tempera- hot-water heater core 52. 

ture is -10° C or less) where the required quantity of heat ^ ^ manner, hot-water exhaust heat of internal com- 

can be obtained by means of the heat-pmm) ddiumidifica- lo ^tmtd, and so because the heater 

tion hot-water heater mode. capaaty of air-conditioning apparatus for electric automo- 

Here,asamethodafaddingcombustiontypeheater55to lis improve^ heatoc^dty^^^ 
hot-water cyde 5, a T-shaped comiection pSc or Y-shaped ^"^^"f '^^^^ ^^t"^"^ """^ utOize combustion 
111. 71 Ixt-i^^^*!^ .1^ i^^-iT*^ - * I snapea ^ ^ ^ improved. Moreover, application in heat- 
connection pipe is connected to the hrandi pomt and umon hot-water heater operation in a c^ld^limate region 
pomt of bypass passage 67 and combusUon type heater 15 with extremely low (for esSamle-S^C to -20° C)anSent 
passage 77, and adding on of a of a combustion type heater ^ tenq)eratuie is possible even when the combustion type 
umt composed of combustion type heater 55, combustion hcata 55 is not utilized, 
type heater passage 77, and tiie like can be accomplished by [The Eighth Embodiment] 

a simple assembly operation, Consequentiy, according to FIG. 19 illustrates an dgjith embodiment according to the 

this embodiment, hot- water cycle 5 provided with 20 present invention, and shows an air-conditioning apparatus 

refrigerant/water heat exchanger 21 and hot-water heater for dectric automobile use. According to tiie present 

core 52 is mounted in duct 2, and so combustion type heater embodiment, intanal combustion engine 301 rotates and 

55 can be combined witii air-conditioning i$)paratus for drives refrigaant compressor 314 of refrigeration cyde 4 

dectric automobile use 1 of refrigeration cycle 4, hot-water via pulleys 311 and 312 and belt 313. Moreover, rcfrigera- 

cyde 5, and the like with an extremely simply assembly 25 tion cyde 4 is a known refrigeration cyde for gasoline 

operation. Moreover, in a case wherein combustion type engine-mounted vehide use, and is a low-cost artide which 

heater unit is not installed, it is acceptable to block com- does not have an dectric motor. 

bustion type heater 55 communicating port of the T-shaped According to fliis embodiment, because an aitide driven 

connection pipe or Y-sh^ed by means of a cap or the like. by means of internal combustion engine 301 is employed in 

[The Sixth Embodiment] 30 the refrigeration cycle 4, air-conditioning q>paratus for 

FIG. 17 illustrates a sixth embodiment according to the electric automobile use I can be used not only in an dcdric 

present invention, and shows an air-conditioning apparatus automobile but also in an ordinary vdiide mounted with an 

for electric automobile use. According to the present internal combustion engine, 

embodiment, combustion type heater 55 is added to hot- [The Ninth Embodiment] 

water cyde 5 according to the third embodiment, and a 35 FIG. 20 illustrates a nintii embodiment according to die 

cooler mode, heat-pun^) dehumidiflcation hot-water heater present invention, and shows an air-conditioning apparatus 

mode, and combustion heater mode can be switched. for electric automobile use. According to the present 

According to this embodiment as well, a suffident quantity embodiment, exhaust-heat cooler 321 is connected in series 

of heat can be ensured by means of selecting a combustion between the outlet of hot-water patii 34 of rcfrigeranl/watcr 

heater ho^water heater mode. 40 heat exchanger 21 and the inlet of hot-water heater core 52 

[The Seventh Embodiment] of hot-water cyde 5. 

no. 18 illustrates a seventh embodiment according to tiie Exhaust-heat cooler 321 is provided with a hot-water 

present invention, and shows an air-conditioning apparatus chamber (not illustrated) into which hot water flows at the 

for dectric automobile use. According to Uie present outer pery)hery of a plate material with excellent thermal 

embodiment, water-cooled type internal combustion engine 45 conductivity, thus cooling a heat-generating body such as a 

301 is connected in series between the outtet of hotpwater tranststor or tiie like installed in inverter for air conditioner 

path 34 of refrigerant/water heat exchanger 21 and the inlet use 30 which controls the rotational speed of dectrical type 

of hot-water heater core 52 of hot-water cyde 5. Internal refrigerant con^ssor 20. Exhaust-heat cooler 321 recovers 

combustion engine 301 is a drive means to rotate and drive exhaust heat generated along with operation of inverter for 

dectrical generator 302, and has water-cooling portion 303 50 air conditioner use 30, as well as preventing overheating of 

in tiie interior of which coolant water circulates. tiie heat>generating body. Moreover, in tiie same manner as 

Additionally, dectrical generator 302 performs dectrical for exhaust-heat cooler 53, it is also acceptable to provide a 

diarging of vehide-mounted power supply 6 by means of water-temperature sensor for detecting tiie water tempcra- 

gcncratcd electrical power, along witii performing tiie sup- ture of hot water wittiin exhaust-heat cooler 321, so that hot 

ply of electrical power to vehide-mounted dectrical devices 55 water is cooled by radiator 54 when tiie water temperature 

such as inverter for air conditioner use 30 of refrigerant of hot water which has recovered exhaust heat rises above a 

con4)rcssor 20. Fuithermore. internal combustion engine spedfled temperature. 

301 and dectrical generator 302 are driven and intercon- According to this embodiment, because exhaust-heat 

nccted by means of pulleys 304, 305, and bdt 306. cooler 321 is connected in series between refrigerant/water 

According to this embodiment, because water-cooled type 60 heat exchanger 21 and hot-water heater core 52 of hot-water 

internal combustion engine 301 which rotates and drives cyde 5, exhaust heat generated along with operation of 

dectrical generator 302 is provided, hot-water exhaust heat inverter for air conditioner use 30 can be effectivdy utilized 

generated as a result of the running of internal combustion in heater operation by means of tiie heat-pump hot-water 

engine 301 can be effectivdy utilized in heater operation by heater mode. Additionally, because inverter for air condi- 

means of a heat-pump hot-water heater mode. For example, 65 tioner use 30 is water-cooled, greater compactness can be 

when the temperature of hot water which exchanges heat achieved in comparison with an artide employing air-cooled 

witti high-temperature, high-pressure gas refrigerant within fins as a cooling means of inverter for air conditioner use 30. 
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(The Teath Embodiment] 

FIGS. 21 to 24 illiistrate a tenth embodiment according to 
the present invention, and show an air-conditioning Bppar 
ratus for clcctdc automobile use. FIGS. 22-24 show a 
rcMgeration device housing within an air-conditioning 
apparatus for electric automobile use. According to this 
embodiment, a refrigeration device of air-conditioning appa- 
ratus for electric autoim)bile use 1 is housed within rrfng- 
eration device housing 331 in consideration cf mounting 
same on an electric automobile. 

ReMgeration device housing 331 according to this 
embodiment integrally houses rcfiigeiant caxapitssot 20, 
reMgerant/water heat exchanger 21, first and second 
pressure-reducing means (capillary tubes) 22 and 24, accu- 
mulator 26, re&igerant passage switching valves 27 and 28, 
and the like. The intake port of re&igerant compressor 20 is 
connected within refrigeration device housing 331 to the 
outlet of accumulator 26 by means of refiigerant piping of 
tubular configuration 33Z Additionally, the discharge port of 
refrigerant conqiressor 20 is connected within refrigeration 
device housing 331 to inlet of re&igerant inlet pipe 39 
interconnected to square pipe portion 33 of re&igcrant/water 
heat exchanger 21 by means of refidgerant pqnng of tubular 
configuration 333. 

Ais was also described according to the first embodiment, 
refiigerant/watcr heat exchanger 21 is conqxjsed of a circu- 
lar pipe portion 31 having a double-loop configuration and 
two square pipe portions 32 and 33, with hot-wat» path 34 
formed on the inner side and refrigerant path 35 fanned on 
the outer side thereof. Accordingly, an outlet of reftigerant 
oudet pipe 37 linked to square p^e portion 32 of reMgerant^ 
water heat exchanger 21 is connected within refrigeration 
device housing 331 to the inlet of first pressure-reducing 
means 22 and the inlet of refrigerant passage switching 
valve 27 (inlet of bypass pipeline 41) by means of refrigerant 
piping of tubular configuration 334. 

Ftiitheimorc, hot-water inlet pipe 36 linked to square.pipe 
portion 32 of refrigerant/water heat exchanger 21 enters the 
interior of refrigeration device housing 331, and is con- 
nected to an outlet of bypass passage €7 of hot-water cycle 
5 (in the case wherein hotrwater heat-radiating path 65 is 
provided, the hot-water heat-radiating path 65). 
Additionally, an outlet of hot-water outlet pipe 38 linked to 
square pipe portion 33 of refrigerant^ater heat exchanger 
21 exits from the interior of refrigeration device housing 331 
and is connected to an inlet of hot-water heater core 52. 

Outlet of refrigerant piping of tubular configuration 335 
linked to the outlet of fint pressure-reducing means 22 and 
the outlet of re&igerant passage switching valve 27 exits 
refrigeration device housing 331 and is connected to an inlet 
of exterior heat exdianger 23. An outlet of refrigerant p^ing 
of tubular configuration 336 linked to the inlet of second 
pressure-reducing means 24 and ^e inlet of refrigerant 
passage switching valve 28 enters the interior of refrigera- 
tion device housing 331. The inlet of refrigerant piping 336 
is connected to the outlet of exterior heat exchanger 23, and 
the outlet of refrigeration piping 336 is connected to (he inlet 
of accumulator 26 within refrigeration device housing 331. 
Moreover, die outlet of second pressure-reducing means 24 
is connected to refrigerant piping of tubular configuration 
337, exiting friom refrigeration device housing 331, and is 
connected to an inlet of refrigoant evaporator 25. 

Furthermore, according to this embodiment it is accept- 
able to house inverter for air conditioner use 30 within 
refrigeration device housing 331, or it is acceptable to house 
only refrigerant compressor 20 and rcfrigerant^vater heat 
exchanger 21 within refrigeration device housing 331. This 
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combination of refrigmtion devices housed integrally 
within refrigeration device housing 331 may be refrigerant 
compressor 20 and peripheral devices tiiereof or refrigerant/ 
water heat exchanger 21 and peripheral devices thereof, as 
5 desired. 

In the above-described manner, air-conditioning appara- 
tus for dcctric automobile use 1 according to this embodi- 
ment integrally houses refrigeration devices forming refrig- 
eration cycle 4 other than exterior heat exchanger 23 and 
refrigerant evaporator 25 within refrigeration device hous- 
ing 331, and so mounting on an electric automobile is made 
greatly easier, and along with this, because arrangement of 
refrigeration piping 332-335 becomes unnecessary along 
with the completion of the disposal of refrigeration cycle 20, 
rcfrigcrant/wat^ heat exchanger 21, first and second 
pressurc-reducing means 22 and 24, accumulator 26, refrig- 
erant passage switching valves 27 and 27, and die like 
simply by disposing refrigerant piping of tubular configu- 
ration 331 with an engine conq)artment of an electric 
automobile. The assembly productivity for an electric auto- 
20 mobile is excellent, and reduction of production cost is 
accoinplished. 

[The Eleventh Embodinicnt] 

FIO. 25 illustrates an eleventh embodiment according to 
the present invention, and shows an air-conditioning appa- 
25 ratus for electric automobile use. According to this 
embodiment, hot-water cyde 5 connects hot-water passage 
for heater use 341 and hot-water heat-radiating padi 342 to 
an outlet of hot-water passage 34 of refrigerant/water heat 
exchanger 21. 

30 Hot-water passage for heater use 341 is a passage that 
passes throu^ hot-wata heater core 52 and returns hot 
water to an inl^ of water punq) 56, and hot-water passage 
switching valve 343 is installed on the brandi side. 
Additionally, hot-water heat-radiating path 65 is a passage 

35 that passes through radiator 54 and returns hot water to inlet 
of water pump 56, and hot-water passage switching valve 
343 is installed on the brandi side. Moreover, hot-water 
passage switching valves 343 and 344 are of the electro- 
magnetic type hot-water passage switching means to switch 

40 the direction ofhot-water flow within hotwater cyde 5,* and 
are opened when dectrically charged and dosed when the 
electrical charging is stopped. Accordingly, exhaust-heat 
cooler 53 employed according to the first embodiment is 
connected between a branch point of combustion type heater 

45 passage 77 and refrlgerantAvater heat exchange passage 345 
and the outlet of water pump 56. 

According to this embodiment, by means of opening 
hot-water passage switdiing valve 343 and dosing hot- 
water passage switching valve 344 during the heat>>pump 

50 hot-water heater mode, exhaust heat of vdiide-mounted 
electrical devices is recovered during passage through 
exhaust-4ieat cooler 53 and hot water heated by means of 
refrigerant during passage through refrigerant/water heat 
exchanger 21 is supplied to hot-water heater core 52, and 

55 heating of the passenger compartment of the dectric auto- 
mobile is performed. Additionally, by means of dosing 
hot-water passage switching valve 343 and opening hot- 
wat^ passage switdiing valve 344 during the cooler mode, 
the supply of hot water to hot-water heater core 52 is 

60 stopped, and vehide-mounted dectrical devices such as 
motor for travd use M and inverter for travd use I at 
exhaust-heat cooler 53 are cooled by means of cooling hot 
water at radiator 54. Moreover, because hot water flowing 
into refdgerant^ater heat exchanger 21 is cooled by radia- 

65 tor 54 and becomes low-temperature hot water and 
rcfrigo-ant/water heat exchanger 21 also functions as a 
refrigerant condenser, cooler performance is also improved. 
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[The IWelfth Embodunent] 20 passes through refiigcrant/water heat exchanger 21, 

FIG. 26 illustrates a twelfth embodimeat accordiDg to the through first pressure-reducing means 22, through exterior 

present invention, and shows an air-conditioning apparatus heat exchanger 23, through bypass pipeline 42, and through 

for electric automobile use. In combustion type heater 55 accumulator 26, and enters the intake port of rcMgerant 

according to this embodiment, intake port 78 is connected to 5 compressor 20. 

faranchpassage401 which branches on the downstream side Meanwhile, in hot-water cycle 5, hot-water passage 
of an outlet of hot-water passage 34 of refdgerant^ater heat switdiing valves 57 and 59 are closed and the hot-water 
exchanger 21. Additionally, discharge port 79 of combustion passage switching valve 58 is open. Consequently, hot water 
type heater 55 is connected to union passage 402 uniting on which passes through bypass passage 67 and flows into 
the upstream side of an inlet of electric hot-water heater 51. lO refdgerantAvater heat exchanger 21 by means of operating 
Accordingly, bypass passage 403, whidi causes hot water water pump 56 is heated by means of condensation heat of 
flowing in from the outlet of hot-water passage 34 of the refrigerant Hiis heated hot water flows through branch 
refrigerant/water heat exchanger 21 to bypass from com- passage 401 and is further heated within combustion type 
bustion type heater 55 and supplies it to hot-water heater heater 55, flows through union passage 402 and into hot- 
core (hot-water type heater) 52, is connected to hot-water is water heater core 52 widiin duct 2, exchanges heat with air 
cycle 5. blown by means of operation of blower 3, and the air 

Accordingly, hot-water passage switching valve 59 is becomes hot air. This hot air is blown into the passenger 

provided in branch passage 401, and hot-water passage compartment primarily from the FOOT vent 14, by means of 

switching valve 58 is provided in bypass passage 403. which the passenger compartment is heated. 

Hot-water passage switching valve 58 is an electromagnetic 20 Here, in a case whwin heat-pump hot-water heating by 

valve that bypasses hot water and the supply of hot water means of refrigeration c^cle 4 and combustion heater hot- 

from combustion type heater 55 by means of performing water heating by means of combustion type heater 55 are 

opening and closing of bypass passage 403. Additionally, performed simultaneously, if refrigeration cyde (heat pump) 

hot-water passage switching valve 59 performs the supply cf 4 attempts to obtain high-temperature hot water, refrigerant 

hot water and the intemiption of hot water to combustion 25 cono^ressor 20 discharge pressure (equal to the refrigerant/ 

type heater 55 by means of perfoiming opening and closing water heat exchanger 21 condensation pressure) rises, the 

of brandi passage 401. amount of work of refrigerant compressor 20 inaeascs and 

Next, the mode of operation of an air-conditioning appa- liquefies, and there is a spontaneous upper limit For 

ratus for electric automobile use 1 according to tiie twelfth example, in order to obtain a water temperature of 60*^ C. 

embodiment will be described briefly with reference to FIG. 30 proximate to the outlet of hot- water passage 34 of 

26. Herein, the heater operation mode according to this refrigerant/water heat exdianger 21, it is necessary to 

embodiment comprises a heat-pump indq>endent operation restrain the discharge pressure of the rcfingerant confessor 

mode and a simultaneous combustion heater and heat-pump 20 to 25 k^cm^ G when used with R134a freon-base 

operation mode. refiigcrant or to about 38 kg/cm^ G when used with R22 

During the heat-pump Independent operation mode, in 35 freon-base refrigerant 

refrigeration cycle 4 the refrigerant passage switching valve Additionally, in heat-pump hot-water heating by means of 

27 is closed and the refrigerant passage switching valve 28 refiigcrarion cyde 4, from the standpoint of heater efiGcicncy 

is opened. Consequently, refrigerant discharged from the there is a problem of greater deterioration of efficiency 

discharge port of refrigerant compressor 20 passes through (COP) the more it is attempted to obtain hot water of higher 

refdgerantAvater heat exchanger 21, through first pressure- 40 temperature even at identical capacity, but in combustion 

reducing means 22, through exterior heat exchanger 23, type heater 55 there is no such pr^lcm. However, the 

through bypass pipeline 42, and through accumulator 26, specification range is restricted to a hot-water upper-limit 

and is taken into the intake port of refiigcrant compressor temperature of 100** C. or less (for example (90** C.) so as 

20. not to cause the hot water to boil. 

Meanwhile, in hot-water cyde 5, hot-water passage 45 According to this embodiment as described above, during 
switching valves 57 and 59 are dosed and hot-water passage the simultaneous combustion heater and heat-pump opera- 
switching valve 58 is open. Consequently, hot water which tion mode, it is prcfoable that, after the temperature of hot 
passes through bypass passage 67 and flows into the water is raised to for example about 40** C to 50** C. at 
refrigerant/water heat exdianger 21 by means of operating refrigerant/water heat exdianger 21 by means of heater 
water pump 56 is heated by means of condensation heat of 50 operation of refrigeration cyde 4, ttie temperature may be 
the refrigerant. This heated hot water flows into hot-water further raised to proximate the hot-water upper-limit tem- 
heater core 52 within duct 2 and exchanges heat with air peratore within combustion type heater 55. 
blown by means of operation of blower 3, and the air Furthermore, it is also acceptable to eliminate dcctric 
becomes hot air. This hot air is blown into the passenger hot-water heater 51, radiator 54. hot-water passage switch- 
coriipartmentpiimarilyfromtheFOOTventl4,bymeansof 55 ing valve 57, and hot-water heat-radiating path 65 from 
which the passenger coiiq>artment is heated. hot- water cyde 5 according to this embodiment and siniplify 

Depending on the destination region, when there is need hot-water cycle 5. Additionally, a cooler mode and dehu- 

to improve heater starmp in a cold-dimate region where midify mode can be performed according to this embodi- 

ambient temperature is extremdy low (for exanq)le *10^ C ment as well, 

or less), it is necessary to simultaneous^ perform heat-punq) 60 [The Hiirteenth Embodiment] 

hot-water heating by means of refrigeration cyde 4 and FIG. 27 illustrates a thirteenth embodiment according to 

combustion heater hot-water heating by means of combus- the present invention, and shows an air-conditioning appa- 

tion type heater 55. At such time as this, in the refiigeratlon ratus for dectric automobile use. Refrigeration cyde 4 

cyde, refrigerant passage switching valve 27 is closed and according to this embodiment indudes bypass pipeline 411 

refrigerant passage switdiing valve 28 is open, and by 65 bypassing first pressure-reducing means 22, bypass pipeline 

means of operating refrigerant compressor 20, refrigerant 412 bypassing second pressure-reducing means 24 and 

discharged from the discharge port of refrigerant compressor refiagerant evaporator 25, refrigerant outlet^et passage 
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413 connectmg extedor heat excfaangei 23 and bypass which passes tfarongh bypass passage £7 and flows into 

passages 411 and 412 in sedes, re&igeiant outtet/inlet pas- lefidgerant^vata beat exchanger 21 by means of operating 

sage 414 connecting extedor heat exchanger 23 and first and water pomp 56 is heated by means of condensation heat of 

second piessare^educing means in scries. the re&igerant This heated hot water flows into ho^water 

Refrigerant passage switching valve (electromagnetic 5 heater core 52 within dact 2 and exchanges heat with air 

valve) 27 which opens during a cooler mode and dining a blown by means of operation of blower 3, and the air 

dehmnidify mode is provided in bypass passage 411, and becomes hot air. This hot air is blown into the passenger 

refrigerant passage switching valve (electromagnedc valve) con^artment primarily from FOOT vent 14, by means of 

28 which opens during a heat-pusq> hot-water heater mode which the passenger compartment is heated, 

is provided in bypass passage 412. lO According to this embodiment, first and second pressure- 

During the heater mode and during the dehumidify mode, reducing means 22 and 24, refrigerant passage switching 

exted(^ heat exchanger 23 functions as a condenser to caiise valves 27 and 28, and bypass pipelines 411 and 412 are 

refrigerant flowing in from refrigerant/water heat exchanger connected such that during the cooler mode (cooler 

21 via refiigerant outlet^et passage 413 and outer air operation) refrigerant flows from refirigerantoutlet^etpas- 

blov^ by means of electric fan 40 to exchange heat and 15 sage 413, to extedor heat exchanger 23, and to refrigerant 

cause ttie refrigerant to condense. Additional^, during the outlet^et passage 414, and such that diuring tiie heat-pun^ 

heat-pump hot-water heater mode, exterior heat exchanger hot-water heater mode (heater operation) refrigerant flows 

23 functions as an ev^orator causing refrigerant flowing in firom refirigerant outlet/inlet passage 414, to exterior heat 

from second pressure-reducing means 24 via refrigerant exchanger 23, and to refiigerant outlet^et passage 413. 

outlet^et passage 414 and outer air blown by means of 20 By means of this, the gas side of exterior heat exchanger 

electric fan 40 to exchange heat and cause the r^gerant to 23 becomes refrigerant outlet/inlet passage 413, and tiie 

evaporate. liquid side of exterior heat exchanger 23 becomes refrigoant 

Next, a mode of operation of air-conditioning apparatus oufl^Met passage 414. That is to say, during the cooler 

for electric automobile use 1 according to the thirteenth mode (cooler operation) which causes exterior beat 

embodiment will be described briefly with refmnce to FIG. 25 exchanger 23 to function as a condenser and during the 

27. heat-punq> hot-water heater mode (heater operation) which 

During the cooler mode (cooler operation), in refligera- causes exterior heat exchanger 23 to function as an evapo- 

tion cyde 4, refrigerant passage switching valve 27 is rater the direction of flow of refrigerant can be reversed 

opened and refrigerant passage switching valve 28 is dosed Consequently, the path aoss-section area of the refrigerant 

CoDsequentty, refrigerant discharged fromthedisdiarge port 30 path of exterior heat exchanger 23 can be dianged from 

of refrigerant conopessor 20 passes through refrigerant/ larger to smaller according to movement from flie gas side 

water heat exchanger 21, through refrigerant outlctMct to the liquid side, and so pressure loss of refrigerant flow and 

passage 413, through exterior heat exchanger 23, through heat-exdiange perfbxmance of exterior heat exchanger 23 

refrigerant outlet/inlet passage 414, through second can be established without difficulty, 

pressure-reducing means 24, through refrigerant evaporator 35 [Modification] 

25, and throu^ accumulator 26, and is then taken into die Even in a case ^ere Uiere is restriction in usage (for 

intake port of refrigerant caiaprtss(x 20. Accordingly, air example restriction diat a combustion type beater must not 

cooled by the heat of vaporization of refrigerant in refrig- be used unless ambient temperature drops bdow a pre- 

erant evaporator 25 is blown into the passenger scribed value), from the standpoint of environmental con- 

con^>artment, by means of which die passenger compart- 40 ccm in a combustion type heater or the like which is a heat 

ment is coded. source for heater use in cold-dimates, in an air conditioning 

In the dehumidify mode, in the same manner as for tiie system according to the first, fliird, or sixth embodiments a 

cooler mode, refrigerant passage switching valve 27 is hot-water passage can be formed without using combustion 

opened and refrigerant passage switdiing valve 28 is dosed type heater 55 by means of switching a passage of hot water 

By means of this, air blown into refrigerant evaporator 25 by 45 with hot-water passage switching valves 57 to 59, and thus, 

means of operation of blower 3 is cooled. Accordingly, confonning with the above-described restriction is possible, 

moisture in die air is condensed and adheres to the fins or the According to this embodiment, the present invention is 

like of refrigerant evaporator 25, by means of whidi the air used in an air-conditioning ^aratus for dectcic automobile 

is dehumidified Moreover, in a case where reheating of use, but it is also possible to use the present invention in an 

dehumidified air is desired, as in the first embodiment, it is so air-conditioning apparatus for use in a vehide having an 

acceptable to cause air-mix dangers 63 and 64 to operate, air-cooled type engine or a water-cooled type engine, 

lead a portion or all of the air into hot-water heater core 62, Moreover, it is also possible to utilize distilled water, an 

and cause heat exchange wldi the hot water. aqueous solution to which is added conosion-prevention 

During the heat-pump hot-water heater mode (heater additives for preventing corrosion of various metals, long- 
operation), in refrigeration cyde 4, refrigerant passage 55 life coolant, or die like, instead of die hot water: 
switdiing valve 27 is closed and refrigerant passage switdi- According to diis embodiment, refrigerant passage 
ing valve 28 is q)ened.Consequendy, refrigerant discharged switching valves 27 and 28 are provided as refrigerant 
frx)m die disdiarge port of refrigerant oonq^sor 20 passes passage switching means, but it is also acceptable to provide 
through refrigerant/water heat exchanger 21, throu^ first a diree-way valve or a four-way valve as refrigerant passage 
pressure-reducing means 22, through refrigerant oudet^et 60 switdiing means. According to diis embodimeot, hot-water 
passage 414, through exterior heat exchanger 23, through passage switching valves 57 to 59 are provided as hot-water 
refrigerant outlet/inlet passage 413, dirough bypass pipeline passage switching means, but it is also acceptable to provide 
412, and duxsugb accumulator 26, and is dien returned to the a diree-way valve or a four-way valve as hot-water passage 
intake poit of refrigerant compressor 20. switdiing means. 

Meanwhile, in hot-water cyde 5, hot-water passage 65 According to diis embodiment, combustion type heater 55 

switching valves 57 and 59 are dosed and hot-water passage is utilized as a heat source for heater use in oold-dimates, 

switching valves 58 is opened. Consequently, hot water but it is also acceptable to utilize only electric hot-water 



11/02/2001, EAST Version: 1.02.0008 



5,641,016 

23 24 

heater 51 with a built-in electric heater as a heat source for 2. An air-conditioning apparatus for use in a vehicle 

heater use in cold-climate region specifications. according to claim 1, wherein said r^geration cycle 

Additionally, it is also acceptable to adjust the blowing indudes an exterior heat exchanger disposed outside said air 

temperature of air blown into the passenger compartment by duct and connected in scries with and on a downstream side 
means of adjusting (he circulating amount of hot water with 3 of said re&igerant compressor as determined by a direction 

wata pump 56. a flow control valve, or the like. refrigerant flow from said refrigeration compressor. 

According to tills embodiment, exhaust-heat cooler 53 is 3, ^ air-conditioning apparatus for use in a vehicle 

connected to hot-water pip^ connecting hot-water heater according to daim 1. wherein said hot-water cycle includes 

core 52 and water punq) 56. but it is also acceptable to ^ f„ exchanging heat between air outside said 

connect to hot-watff piping conneding letagerant^ater ^ compartment and said hot water to cod said hot 

heat exchanger 21 and hot-water heater cmc 52. Moreover, toj^cZi in series with an exhanst-hcat cooler for 

in this case, when hot water is werheated by an aiixihaiy ^ ^ ^ ^^ter, vehicle-mounted electrical 

heat source for heater use of vdude-mounted electrical ^^^^ dectrically charged, 

devices «[ tte hie It is ijlso acceptaWe to provide a bypass 4 ^ air-conditioning apparatus for use in a vehicle 
passage.Addittona%,itisako«xeptabletoen¥loyie£Dg^ ,5 according to daim 3. wtecin said vehicle-mounted electri- 

erant comprcKor 20. inverter for air conditioner use 30. ^ ^^^^^ , ^^^^1^ ^^^^1^ 

dectiic fan 40. a,ohng fan 60. or the lite as a vehide- ^ ^ „^ ^ ^^ude travels, said 

mountedelectocaldevicetoreeoverexhaustheatatexhaust- inverter induding transistors that generate heat when elec- 

beat cooler 53. trically chareed. 

TTiepresentinventioncanproWdealaige^quanti^ 20 5. An air<onditiomng apparatus for use in a vehide 

to air blown into a passenger compartinen by means of a ^^^^^ t„ ^aim 1, wherein said hot-water cyde indudes 

neat-pump neata operatmg an cxtenor heat exchanger dis- ^ combustion type heater for heating hot water via combus- 

posedwithmadudasaMmpressor.andsoheatm^ „f ^,,1 ^^^^ ^ ^ ^ j^^t.^^ 

m a passenger con^yartment can be mqirovcd. Additionally, heater 

because an existing heater unit provided with a hot-water „ ^ air-conditioning apparatus for use in a vdude 

^heater can be utiluecL newly pioi^dedcomponetrts can according to daim 2. furtha comprising a pressure-redudng 

be reduced, and lower cort can be adueved. means connected between said refrigerantAvater heal 

Furthermore, the preseMmvenbon can provide air blown ^xdianger and said exterior heat exdian|cr. 
into a ^ssenger con4.artment wth a large quaibty of heat ^ ^ air-conditioning apparatus for use in a vehide 
than a heat-pump hot-water heater and so suffiaent heater ^^.^.^ ^^ ^ j wh«di said hot-water cyde indudes 
«paaty can be obtirined even in a cold-dimate region. ^ exha^st4ieat cooler for cooling via hot water, vdiicle- 
Moreover. b^use a hot-wa^er^e having a refageranl/ ^^^^^^ which generate heat when dec- 
water heaexdiang«, hot-water 0^)6 heato^ tricanydiarged.comicctedinscrieswithsaidhot-watertype 
is mounted in a vehicle, a combustion type heater can be exchaneen 

combined in the hot-wetter qyde with an extremdy simple j, air-conditioning apparatus for use in a vehide 

assembly opemon, and so lower cost can be adhleved. according to daim 7. wtereia said vdiide-mounteddectrl- 

• heat-pump hot-water heating of in the present ^^^^ , ^^^^ ^^^^ 

""^"^J' "° effectivdy utilize a vdiide- ^ ^ ^^^^ 

mounted de^al device bekg a motor for travd use, an ^ ^^ 
inverter for travel use, or the like as an auxiliary heat source. ^ trically charged 

This invention has been described in coanedion with ^ ^ air-coidilionlng apparatus for use in a vehicle 

what are presenUy consi<toed to be die most pra^cal and according to daim 1. wteeta said hot-water cyde indudes 

prefaied embodiments of tfte present invention. However, an dectrical hot-water heater for heating hot water using an 

this disdosure Is no meant to be Umited to the disdosed eledrical heater conneded in series with said hot-water ^e 

embodiments, but rather is intended to cover all modiflca- healex 

tions and equivalent airangei^^^^ air^ionditioning apparatus for use in a vehicle 

"^mT ^ 7^ wh^ii said refrigeration cycle posi- 

nat IS ciaimea is. ^^^^ ^^^1 refrigerant cvq)orator on an upwind side of said 

1. An air-conditionlng apparams for use in a vehicle type heater >Xi said duct 

having a passenger compartment, said air-conditioning n. An air-conditioning apparatus for use in a vehicle 

appmatus compiismg. according to daim 1. further comprising a rotational speed 

a duct for leading air toward said passenger compartment; control means for controlling rotational speed of saidrcfrig- 

a blower for moving air wifliin said duct to said passenger grant con^ssor in order to perform capacity control 

compartment; 12. An air-conditioning apparatus for use in a vehicle 
a refrigeration cyde induding a refrigerant coniq)ressor 55 according to daim 3, wherein said hot-water cycle further 

for compressing and discharging refrigerant, a indudes a bypass passage for allowing hot water to bypass 

refrigerant/water heat exchanger for exchanging heat said radiator. 

between refrigerant discharged fi:om said refrigerant 13. An air-conditioning ^paratus for use in a vehide 

compressor and hot water in order to heat said hot according to daim 1, wherein said hot-water type heater 
water, and a refrigerant evaporator for cooling air by 60 indudes an air-mix danger for changing the amount of air 

means of refrigerant ev^oration heat; and heated in said duct 

a hot-water cyde including a pump for ciroilatiDg said 14. An air-conditioning apparatus for use in a vehide 

hot water heated by said refrigerant/water heat according to claim 1, wherein said refrigeration cycle 

exchanger, and a hot-water type heater disposed within indudes an exterior heat exchanger disposed outside said 
said duct for heating air flowing within said duct by 65 duct and connected in series with and on a downstream side 

means of hot water entering said hot-water type heater of said refrigeration conquessor as determined by a direction 

from said refrigerant/water beat exchanger. of refrigerant flow from said refrigeration compressor, and a 



11/02/2001, EAST Version: 1.02.0008 



5,641,1 

25 

pressure-reducing means connected between said 
reMgerant/watcr heat exchanger and said exterior heat 
exchanger, 

wherein said hot-water cyde includes a combusdon type 
heater for heating hot water via combastion of ^el ^ 
connected in series with said hot-water type hester; and 

wherein said air-conditioning apparatus indudes a heat- 
pun^ hot-water heater and a coinbustion-heatei hot- 
water heater as said combustion type heater, and said 
heat-pump hot-water heater and said combustion- 
heater hot water heater are sdectivdy utilized based on 
a temperature of air outside said passenger compart- 
ment 

15. An air-conditioning apparatus for use in a vehide 
according to r^Mm i, farther comprising a water-cooled type 
internal oombustion engine having a water-cooling portion 
within which water ctrculates; and 

an electrical generator driven by rotation of said wat^- 
cooied type internal combustion engine; ^ 

wherein said refrigerant conynessor is an electromotiye 
type refrigerant compressor which recdves a supply of 
dectrical power from said electrical generator in order 
to operate; and 

wherein said hot-water cyde indudes said water-oooling 2S 
portion connected in series with and on a downstream 
side of said refrigerant^^atcr heat exchanger as deter- 
mined by a direction of water flow from said 
refrigeranUwator heat exchanger. 

16. An air-conditioning apparatus for use in a vehide 30 
according to claim 1, further comprising a water-cooled type 
internal combustion engine having a water-cooling portion 
within whidi water ctrculates; 

wherein said refrigerant compressor is driven by rotation 
of said water-coded type internal combustion engine; 
and 

wherein said hot-water cyde indudes said water-cooling 
portion connected in series with and on a downstream 
side of said r^gerant^^ater heat exchanger as deter- 
mined by a direction of water flow from said ^ 
refrigerant/water heat exchanger. 

17. An air-conditioning apparatus for use in a vehide 
according to claim 1, frirther comprising an inverter acting 
a drive power supply; 

wherein said refrigerant compressor is an dectromotive 
type refrigerant compressor controlled by said inverter; 
and 

wherein said hot-water cyde indudes an exhaust-heat 
cooler for cooling said inverter via hot water connected 50 
in series with said hot-water type heater. 

18. An air-cocditioning apparatus for use in a vehide 
according to claim 1, further comprising an integral casing 
housing at least said refrigerant compressor and said 
refrigerantAvater heat exchange. 
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19. An air-conditioning appaistus for use in a vehide 
according to daim 5, \(^ercin said combustion type heato* 
is connected in scries with and on a downstream side said 
refrigerant/water heat exchanger as detcnnined by a direc- 
tion of hot-water flow from said rcfrigeFant^vater heat 
exchanger, 

wherdn said oombustion type heat exchanger is con- 
nected in series with and on an upstream side of said 
hot-water type heater as detenmned by a direction of 
hot-water flow from said hot-water type heater, and 

wherdn said conobustion.type heat exchanger is operated 
simultaneously with said refrigerant compressor. 

20. An air-conditioning apparatus for use in a vehicle 
according to daini 2, wherein said exterior heat exchanger 
functions as a condense; for condensing refrigerant during 
coder operation and functions as an evaporator for evapo- 
rating refrigerant during heater operation; and 

wherein refrigerant flows in a flrst direction in said 
exterior heat exchange: during cooler opo^on and in 
a second direction opposite said first direction during 
heater operation. 

21. An air-HConditioning ^paratus for use in a vehide 
according to daim 1, wherein said vehicle is an dectric 
vehide. 

22. An air-conditioning q^aratus for use in a vehicle 
having a passenger compartment, said air-conditioning 
apparatus comprising: 

a duct for leading air toward said passenger compartment; 
a blower for moving afr within said duct to said passenger 
conqiartment; 

a first refrigeration cyde induding a refrigorant compres- 
sor for conqiressing and discharging a first refrigerant, 
a heat exchanger for exchanging heat between said first 
refrigerant discharged from said refrigerant compressor 
and a second refrigerant in order to heat said first 
refrigerant water, and a refrigerant evaporator for cool- 
ing air by means of refrigerant evf^ration heat; and 

a second refrigeration cyde induding a pump for circu- 
lating said second refrigerant heated by said heat 
exchanger, and a heater disposed within said duct for 
heating air flowing within said duct by means of said 
second refrigerant entering sdd heater from said heat 
exchanger; 

wherein said heat exchanger is disposed at a downstream 
of said compressor to lead said flrst refrigerant dis- 
charged from said cQnq>ressQr and devated to a high 
degree thereinto, and disposed at a upstream of said 
heater to lead said second refrigerant whidi has a lowo: 
degree and is heat exchanged with said first refidgerant 

23. An air-conditioning ^aratns for use in a vehide 
acoordiii^ to daim 22, wherein said first and second refrig- 
erants are freon gas and hot-water, respectively. 

« * i» « 4t 
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